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University of Washington Medical Center  

8-30-2019 (LA-UR-19-28234)

Jeffrey Whicker, Christine Bullock and Mary Jo Chastenet 

Summary: 

Current radiological surveys (exposure rate measurements and smear surveys) conducted outside 

the University of Washington (UW) Harborview Research and Training building found no 

evidence of Cs-137 contamination in public walk ways, or open areas, and preliminary soil 

concentrations from samples upwind and downwind of the building were within global fallout 

levels found in the region. Additional soil and outdoor surface sampling is being considered to 

more fully assess the possibility of an environmental release during the incident and the 

radiological impact, if any. This analysis is designed to assist in the evaluation of soil sample 

results and provide radiation dose-based Soil Screening Levels (SSLs) to help develop sampling 

and analysis plans and for evaluating these measurements in the context of radiation dose limits. 

Soil samples could be used to answer two general questions. The first asks if any detected Cs-

137 in the soil is above global fallout levels measured in the area. Calculations based on fallout 

levels from Beck and Bennett (2002)1 and NCRP 1542 suggest that current global fallout levels 

in Seattle area soil would range up to about 3 pCi/g in undisturbed soils, but there would be large 

variations based on a variety of transport factors related to the urban environment surrounding 

the area. Based on the sample result, any measurement significantly above background could 

prompt additional analysis including looking at the ratio of the Cs-137 to Pu-239/240 to help 

identify the source of the Cs-137, that is, from global fallout or from the incident. The second 

question is if there is detectable Cs-137 in the soil, what is the radiological impact of the Cs-137? 

For this, a dose pathway analysis using the RESRAD model was done to protectively estimate 

soil-based dose conversion factors and SSLs for Cs-137 in soil.  

Expectations for Cs-137 in background soil 

Above-ground testing of nuclear weapons from the 1940’s until the early 1960’s injected 

substantial amounts of radionuclides into the atmosphere where they eventually settled down 

onto earth surfaces as fallout. Cs-137 is one of the fallout radionuclides produced in enough 

quantity and with a sufficiently long half-life to be commonly detected in soils. Beck and 

Bennett (2002) showed that Seattle may have received higher amounts of the fallout due to the 

high precipitation rate in the city because rainfall efficiently “washes out” the atmospheric dust. 

The amount of this fallout, decay corrected to today, could be as much as 5.4E4 pCi m-2 (2000 

Bq m-2). However, Cs-137 fallout in urban environments washes away relatively quickly during 

1 Beck HL, Bennett BG. Historical overview of atmospheric nuclear weapons testing and estimates of 
fallout in the continental United States.  Health Physics 82:591-608; 2002. 
2 National Council of Radiation Protection and Measurements (NCRP), Cs-137 in the environment: 
Radioecology and approaches to assessment and management.  NCRP Report 154; 2007. 



rainfall events especially from hard surfaces such as road and building surfaces, so any fallout 

Cs-137 remaining in the area would be most likely found in the soils.  

Figure 1 is an aerial view of the University of Washington Medical complex and shows a 

mixture of buildings, roads, and a few places that consist of vegetation. Like the fallout 

radionuclides, Cs-137 released during the May event, if any, could remain in downwind 

vegetation and soil.  

Figure 1. Aerial view of the UW Medical Center and surrounding neighborhood (google 

earth). 

 

 

Dose-based evaluation of soil concentrations 

Dose Conversion Factors that are normalized to soil concentrations of radionuclides in soil 

(DCFsoil) allow estimates of radiation dose based on levels of residual radionuclides in soils and 

are used to establish SSLs. Specifically for this case, concentrations of Cs-137 in soil can be 

directly correlated to a radiation dose. The dose assessment model RESidual RADionuclides 



(RESRAD)3 version 7.2 was used to determine the DCFsoil, if Cs-137 from the accidental release 

was measured in nearby soils. 
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From the DCFsoil, the SSL is calculated as: 

 

𝑺𝑺𝑳 =
𝑫𝒐𝒔𝒆 𝑳𝒊𝒎𝒊𝒕

𝑫𝑪𝑭𝒔𝒐𝒊𝒍
         Eqn. 2 

 

The calculation of the DCFsoil requires a number of assumptions for both the characteristics and 

lifestyle of the receptor as well as the environmental distribution and transport of the 

radionuclide. Realistic but protective values were chosen for the model parameters to ensure 

dose was not underestimated (selected values and justification in Appendix 1). In this case, the 

chosen receptor was an adult residing near the UW medical complex. This resident had a home 

garden that grew vegetables and fruit that they consumed through the year. We assumed the 

resident consumed drinking water, fish and meat from uncontaminated offsite sources. Also we 

assumed that the resident spent 50% of the time inside their residence, 25% outside the house 

and 25% time outside the neighborhood. Other parameter values were the default values used in 

RESRAD, though rainfall and wind conditions were matched to Seattle. 

Sensitivity Analysis 

Because the DCFsoil result depends on the selected value for each model parameter, a sensitivity 

analysis was performed to identify parameters that had a relatively high influence on the DCFsoil 

result (Appendix 3). In this case, where external radiation pathway dominated (>75% external 

radiation), DCFsoil results were most sensitive to parameters associated with external dose rates. 

The rest of the potential dose would be through plant ingestion. The inhalation pathway 

contributed negligible dose. The sensitivity analysis is provided in Appendix 3.  

For predicting external dose, the sensitive parameters included area of contamination, depth of 

the contaminated zone, and time spent in the area (Appendix 3). For ingestion, the plant root 

depth in the contaminated soil was a sensitive parameter and was selected to maximize root 

uptake. Based on the sensitivity analysis, protective values for area of contamination (10,000 

m2), depth of the contamination (2 cm) and root depth (2 cm) were chosen. In the reality of the 

urban environment, this surface contamination would include both hard surfaces and smaller 

areas of soil. Given that we modeled surface contamination, this is a conservative assumption. 

The default values for the amount of time a person was in the area (inside and outside) were used 

because these values were thought to be reasonably protective. Soil erosion rates and parameters 

for downward migration into the soil were set to zero to maximize external dose rates. Doses 

                                                      
3 Yu C, et al. User’s manual for RESRAD Version 6. Argonne National Laboratory document ANL/EAD-4; 
2001. 



were calculated out to 30 years, but were highest the first year. Dose for a child receptor was also 

analyzed but the difference in the SSL was minimal. 

Results 

Dose rate from surface deposition (soil or hard surfaces) is the main driver for dose. Assuming 

no washing off of the contamination, the RESRAD derived dose conversion is roughly 1 

mrem/yr per 1.37 pCi g-1 (0.051 Bq g-1), or at 100 mrem yr-1 (DOE, EPA, NRC public dose 
limit), this DCFsoil translates to a SSL of 137 pCig-1 or 5.1 Bq g-1 (Appendix 2). For a 25 mrem 
yr-1 dose limit, the SSL would be 34 pCi g-1 (1.3 Bq g-1).  

Conclusions 

An environmental SSL for residual Cs-137 in the surrounding soil was determined using 

RESRAD based on the agreed 25 mrem yr-1 dose limit criteria for this site (34 pCi g-1). There are 

few locations in the surrounding environment that contain soil (an exception could be the 

building complex to the southeast of the release location and a few other grassy areas to the 

west). Given the unlikelihood for soil contamination levels in these areas to approach the SSL, it 

is reasonable to first do a limited set of exploratory measurements. If significant contamination is 

found, a more rigorous and thorough sampling can be done. 



 

 

APPENDIX 1 

SELECTED PARAMETER VALUES FOR 

THE RESRAD MODEL WITH 

JUSTIFICATION 
 

SELECTED PARAMETER VALUES 

RESRAD 

Data Field Parameter Units Values Rationale 

Soil 

Concentration 

Distribution 

coefficients 

cm3/g Default 

values 

RESRAD default values 

Radiation dose limit mrem/ 

yr 

25 100 mrem/yr is DOE Order 458.1; EPA; NRC public 

dose limit.  Wash. DOH selected 25 mrem/yr dose 

criteria 

Contaminated 

Zone (CZ) 

Area of CZ m2 10,000 RESRAD default: protectively assumes an area is 

effectively infinite for ingestion and external 

irradiation exposure pathways 

Thickness of CZ m 0.02 Contamination extends to 2 cm- Conservative 

assumption based on sensitivity analysis.  Unlikely 

to extend to greater depths.  

Cover and CZ 

Hydrological 

Data 

Cover depth m 0 Assumes site is contaminated at ground surface with 

no cover to maximize external exposure  

Density of CZ g/cm3 1.5 RESRAD default 

CZ erosion rate m/yr 0 Results in constant depth of contamination over 

time; protectively assumes contamination is not lost 

by erosion 

 CZ Total porosity unitless 0.4 RESRAD Default  

 CZ Field capacity unitless 0.2 RESRAD default 

 CZ Hydraulic 

conductivity 

m/yr 10 RESRAD default 

 CZ “b” parameter unitless 5.3 RESRAD default 

Humidity in air g/m3 Not used RESRAD default 

 Evapotranspiration 

coefficient 

unitless 0.999 Maximum allowed value: results in effectively no 

water infiltration through CZ; assumption maximizes 

potential dose by soil exposure over time 

 Wind speed m/s 4 Based on upper-bound wind speed in Seattle 

 

  



 

RESRAD 
Data Field Parameter Units Values Rationale 

 Precipitation m/yr 1 RESRAD Default- Similar to Seattle annual rainfall 

amount. 

 Irrigation m/yr 0 No irrigation- clean city water and rainfall only 

 Runoff coefficient unitless 0.9 High value minimizes water infiltration; consistent 

with evapotranspiration coefficient of 0.999; 

assumption maximizes potential dose via external 

exposure 

 Watershed area for 

nearby stream or 

pond 

m2 1 × 106 RESRAD default 

Cover and CZ 

Hydrological 

Data (continued) 

Accuracy for 

water/soil 

computations 

unitless 0.001 RESRAD default 

Saturated Zone 

Hydrologic Data 

Values of all parameters set to RESRAD defaults: the drinking water exposure pathway is 

inactive and use of irrigation water is not specified. 

Uncontaminated 

Unsaturated 

Zone Data 

Number of 

unsaturated strata 

below CZ 

unitless 1 Simplified hydrology—effectively no water infiltration 

 Thickness of 

unsaturated strata 

m 4 RESRAD default 

 Soil density g/cm3 1.5 RESRAD default 

 Total porosity unitless 0.4 RESRAD default 

 Effective porosity unitless 0.2 RESRAD default 

Field capacity unitless 0.2 RESRAD default 

Hydraulic 

conductivity 

m/yr 100 RESRAD default 

Hydraulic gradient m/yr 0.02 RESRAD default 

Well pumping rate m3/yr 0 Assume use of city water and rain 

Soil-specific “b” 

parameter 

unitless 5.3 RESRAD default 

Occupancy Indoor dust filtration 

factor 

unitless 1 Protectively assumes indoor dust radionuclide 

concentrations equal to ambient soil concentrations 

External gamma 

shielding factor 

unitless 0.7 RESRAD default (conservative for low to moderate 

energy gamma emitters, but reasonable for Cs-137) 

Indoor time fraction unitless 0.5 RESRAD default 

Outdoor time 

fraction 

unitless 0.25 RESRAD default 

Inhalation rate m3/yr 8400 RESRAD default 

Mass loading air g/ m3 0.0001 RESRAD default 

Exposure duration yr 30 RESRAD default 

Shape factor unitless 1 Assumes a circular contamination zone 

Leafy vegetable 

consumption  

kg/yr 14 RESRAD default- Assume grown on site 



 

RESRAD 
Data Field Parameter Units Values Rationale 

Ingestion 

Pathway: Dietary 

Data 

Fruit, vegetables, 

grain consumption 

kg/yr 160 RESRAD default- Assume grown on site 

Irrigation water 

contaminated 

fraction 

unitless 0 No contribution to plant contamination from irrigation 

Soil Ingestion  g/yr 36.5 RESRAD default 

Plant food 

contaminated 

fraction 

unitless 1 Produce ingestion rates specified as home grown 

exclusively 

Depth of soil mixing 

Layer 

m 0.15 RESRAD default 

Depth of roots m 0.02 Assume roots only occupy contaminated zone to 

maximize plant uptake 

Mass loading for 

foliar deposition 

g/m3 0.001 RESRAD default 

Ingestion 

Pathway: 

Nondietary Data 

Depth of soil mixing 

layer 

m 0.15 RESRAD default 

Plant factors unitless Default 

values 

RESRAD default 

Storage Times Fruits, nonleafy 

vegetables, and 

grain 

d 1 Protectively assumes that homegrown garden 

produce is eaten soon after harvesting 

 

  



 

 

 

 

 

 

APPENDIX 2 

RESRAD MODEL OUTPUT 

  


















































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APPENDIX 3 

SENSITIVITY ANALYSIS FOR RESRAD 

PARAMETERS  
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